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[57] ABSTRACT

Disclosed 1s a novel switching circuit directed to use for
limiting surge into lamp, comprising a diode circuit
wherein two sets of diodes are connected in reverse-
parallel; a resistive element connected in series with a
lamp to limit the switch-on surge thereinto; a bidirec-
tionally conductive element having a main current path
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connected In seried with an ac source through said

resistive element, diode circuit and lamp; and a timing
circuit having a time constant, said timing circuit trig-
gering said bidirectionally conductive element with the
voltage across said diode circuit to short-circuit said

resistive element after a lapse of said time constant from
switch-on.

3 Claims, 4 Drawing Sheets
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SINGLE-WIRED SWITCHING CIRCUIT
DIRECTED TO LIMIT SURGE INTO LAMP

'BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to a switching circuit to
limit surge into lamp, specifically, a single-wired
switching circuit directed to limit surge into lamp.

2. Description of the prior art

One of the major causes of lamp outage is the swit-
chon surge that may be 10-fold larger or more than the
current in the stationary state. For example, the current

across 100 watt lamp exhibiting a filament resistance of

100 ohms in the stationary state is one ampere when
energized with 100 volts. Since the filament resistance
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at ambient temperature is about 10 ohms, a surge of 14

amperes (= 140 volts/10 ohms) arises and its magnitude
is 14-fold larger than that in the stationary state when
the filament is energized with conventional ac 100 volts
at its peak, i.e. 140 volts.

U.S. Pats. Nos. 4,555,741 and 4,572,992 disclose that
the voltage drop across diodes is used to actuate switch-
ing devices, such as magnetic relay and thyristor, to
regulate the current across loads including lamp and
electric motor.

SUMMARY OF THE INVENTION

In view of the foregoing, the present inventor investi-
gated various means that limit switch-on surge into
lamp. '

As the result, the present inventor found that such
switch-on surge can be effectively limited with a
switching circuit comprising a diode circuit wherein
two sets of diodes are connected in reverse-parallel; a
resistive element connected in series with a lamp to limit
the switch-on surge thereinto; a bidirectionally conduc-
tive element having a main current path connected in
series with an ac source through said resistive element,
diode circuit and lamp; and a timing circuit having a
time constant, said timing circuit triggering said bidirec-
tionally conductive element with the voitage across said
diode circuit to short-circuit said resistive element after
a lapse of said time constant from switch-on.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present mvention will hereinafter be explained
with reference to the accompanying drawings, in
which:

FIG. 1 1s a basic circuit of the present invention;

FIG. 2 1s the charging curve of capacitor;

FI1G. 3 1s the waveform observed across bidirection-
ally conductive element BCR;

FIG. 4 is the current curve in lamp;

FIG. 5 is another basic circuit of the present inven-
tion;

FI1G. 6 1s the charging curve of a capacitor;

FI1G. 7 1s the resistance curve of photosensitive resis-
tor CDS; and

FIG. 8 is the voltage across bidirectionally conduc-
tive element BCR. -

Throughout the drawings, symbol R designates resis-
tor; C, capacitor; D, diode; L, lamp; BCR, bidirection-
ally conductive element; S, switch; SCR, thyristor; AC,

ac power source; Th, thermistor; and CDS, photosensi-
tive resistor.
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2

In the circuit as shown in FIG. 1, the outage of lamp
L is prevented by connecting series resistor R in paral-
lel to bidirectionally conductive element BCR so that
switch-on current flows through series resistor Ry from
power source AC into lamp L.

Now supposing that series resistor Ris 100 ohms and
the filament resistance of lamp L at ambient tempera-
ture is 10ohms, the circuit resistance becomes 110 ohms
(=100 ohms+ 10 ohms) to reduce the peak current to
0.9 amperes when energized with ac 100 volts. Even
when the peak voltage, i.e. 140 volts, is applied thereto,
a current of only 1,27 amperes (=140 volts/110 ohms)
flows across lamp L.

The filament resistance of lamp L is about 10 chms
immediately upon switch-on, but increases as the fila-
ment temperature elevates on heating.

- FIG. 3 indicates that the voltage across series resistor
R decreases as-a function of time.

Since 1n diode circuit Dn connected in series to the
lamp circuit two sets of diodes are arranged in reverse-
parallel, a voltage drop of about 0.7 volts can be ob-
tained per diode. The voltage drop is independent on
the magnitude of the current across the diode.

When four diodes are cascaded in one direction in the
manner as shown in FIG. 1, a voltage drop of 2.8 volts
can be obtained. The voltage drop is rectified by diode
D» to charge capacitor C;. When the time to charge
capacitor Cz through resistor R is set to 0.1-0.2 seconds
by controlling the time constant as determined by ca-
pacitor C; and resistor R, thyristor SCR is triggered
about 0.1-0.2 seconds after switch-on. Thus, a circuit is
formed from the plus terminal of capacitor Ci, terminal
T1 and gate G of bidirectionally conductive element
BCR, and anode P and gate K of thyristor SCR so that
a negative voltage 1s applied to the gate of bidirection-
ally conductive element BCR to bring it into conduc-
tion.

The waveform in FIG. 2 shows this operation,
wherein thyristor SCR is triggered 0.15 seconds after
switch-on to trigger bidirectionally conductive element
BCR in FIG. 1. This reduces the voltage drop across
resistor R to a level of only that across bidirectionally
conductive element BCR.

As shown in FIG. 4, immediately after switch-on a
current slightly larger than that in the stationary state
flows across lamp L, while after a lapse of 0.15 seconds
the current decreases as the filament of lamp L is
heated. When this occurs, the conduction of bidirec-
tionally conductive element BCR short-circuits series
resistor Ry, and the current temporary increases as
shown with symbol “C” but, after a lapse of 0.4 sec-
onds, decreases to the stationary level.

FIG. 5 1s another basic circuit of the invention,
wherein a circuit from power source AC through termi-
nal P and resistor R to lamp L is formed to actuate
lamp L when power switch S is closed.

Now supposing that resistor R is, for example, 100
ohms and lamp L 1s a 100 watt lamp exhibiting a fila-
ment resistance of 10 ohms at ambient temperature, a
current of about 0.9 amperes flows into lamp L to heat
up its filament to several hundred ° C.

The current generates across terminals E and F of
diode circuit Dn a voltage drop of about 2.8 volts that
1s independent of the magnitude of the current across
the diodes. |

In diode circuit Dn wherein two sets of diodes are
arranged in reverse-parallel, the voltage drop per diode
1s about 0.7 volts.
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The voltage drop across terminals E and F 1s rectified
by rectifier diode D1 to charge capacitor C through
resistor R>. The time constant of resistor R; and capaci-
tor C in the charging circuit provides a heat-up time of

0.1-0.3 seconds for lamp L. After a lapse of a pre-
scribed time from switch-on of power switch S, capaci-

tor C discharges into light-emitting diode D3, and the
resultant emission reduces the resistance of photosensi-
tive resistor CDS from several hundred ohms to several
ten ohms.

When the resistance of photosensitive resistor CDS
decreases to several ten ohms, the voltage at terminal F
in diode circuit Dn is applied to gate G of bidirection-
ally conductive element BCR through photosensitive
resistor CDS to trigger the bidirectionally conductive
element and to shortcircuit series resistor Rj.

FIG. 6 shows the charging curve of capacitor C.
About 0.15 seconds after switch-on, the voltage across
capacitor C reaches a level sufficient to actuate light-
emitting diode Da.

When light-emitting diode D3 emits light, the resis-
tance of photosensitive resistor CDS decreases to about
1/100 as shown in FIG. 7, as well as providing at termi-
nal F a voltage that is large enough to trigger bidirec-
tionally conductive element BCR. When bidirectionally
conductive element BCR is triggered, the voltage
waveform across terminals P and K changes as shown
in FIG. 8 wherein, since resistor R is 100 ohms and the
- resistance of lamp L at time “0 is 10 ohms, a current of
0.9 amperes (=100 volts/100 ohms+ 10 ohms) heats
lamp L to elevate its filament temperature. The voltage
across resistor Ry decreases as shown in FIG. 8 as the
filament temperature elevates.

After a lapse of 0.15 seconds from switch-on, bidirec-
tionally conductive element BCR conducts and short-
circuits resistor Rj. Thus, the rated voltage is applied to
lamp L, and the voltage across terminals P and K is
reduced to that across bidirectionally conductive ele-
ment BCR as shown in the latter half of FIG. 8.

If the charging circuit and/or light-emitting diode
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goes out of order or works abnormally, series resistor .

Ri may be burned by overheating. Such burning can be
avoided by attaching thermistor Th to series resistor R
in such manner that, when series resistor R is over-
heated, the resistance of thermistor Th decreases to
several ten ohms to supply in place of photosensitive
resistor CDS a voltage across diode circuit Dn to the
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gate of bidirectionally conductive element BCR and
also to bring it into conduction.

As described above, the use of the present switching
circuit limits the switch-on surge into the lamp to pro-
long its life.

Furthermore, since the switching circuit of the inven-
tion is single-wired, it can be easily assembled in con-
ventional power circuit or switch.

In additton, when a thyristor or a photocoupler is
used in the invention for its timing circuit, a much more
stabilized switching operation can be attained.

While the preferred forms of the present invention
have been described, it is to be understood that modifi-
cations will be apparent to those skilled in the art with-
out departing from the spirit of the invention.

The scope of the invention, therefore, is to be deter-
mined solely by the following claims.

I claim:

1. A single-wired switching circuit directed to use for
limiting surge into lamp, comprising:

(a) a diode circuit wherein two sets of diodes are

connected in reverse-parallel;
(b) a resistive element connected in series with a lamp
to limit the switch-on surge thereinto;

(¢) a bidirectionally conductive element having a
main current path connected in series with an ac
source through said resistive element, diode circuit
and lamp; and

(d) a timing circuit having a time constant, said timing
circuit comprises a rectifier for rectifying the volt-
age across said diode circuit, a charging circuit
with a time constant comprising a resistor and a
capacitor, said charging circuit connected in paral-
lel with said diode circuit through said rectifier, a
light-emitting diode connected in parallel with said
capacitor in such manner that said capacitor dis-
charges into said light-emitting diode after a lapse
of the time constant from switch-on, and a photo-
sensitive resistor connected with the gate of said
bidirectionally conductive element in such manner
that said photosensitive resistor triggers said bidi-
rectionally conductive element when said light-
emitting diode emits light.

2. The circuit of claim 1, wherein said resistive ele-

ment 1S a resistor.

3. The circuit of claim 1, wherein a thermistor at-
tached to said resistive element is connected in parallel

with said photosensitive resistor.
x  k  k k%
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